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Abstract 
This paper focuses on repowering options to improve waste conversion efficiency of an existing under-utilized 
Waste-To-Energy (WTE) power plant with a Gas Turbine (GT). In particular, this study investigates the feasibility of 
middle pressure repowering strategies utilizing the hot gases leaving the GT. For each investigated repowering 
option, minimum GT size is identified along with optimum plant match condition in terms of plants capacity. 
Detailed modifications to the WTE cycle and the resulting enhancement of its performance are presented for both 
analyzed middle pressure repowering options. The Energetic viability and energetic results of a representative mid-
size WTE power plant repowered with different GT commercial units are shown and discussed.  
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Under-utilized WTE power plant 
The existing low-performing Waste-To-Energy (WTE) power plant studied in this paper, built in 2009, 
was originally projected to work with two steam lines, namely L1 and L2 fed with two separated WTE 
boilers. The WTE plant can ensure the disposal of 240·103 tons/year of waste, of which a maximum of 
30·103 tons can be special waste (max. of 5·103 tons of hospital and medical waste) while the remaining 
fraction is composed by municipal waste with typical composition. 
The steam conditions in each line were supposed to be the following: L1 (high pressure line) with an 
input waste capacity equal to 78.5 MWt, generating superheated steam at 50 bar and 380°C; L2 (middle 
pressure line) with an input waste capacity equal to about 27.5 MWt, generating superheated steam at 20 
bar, 360°C. A schematic layout of the WTE power plant is shown in Fig. 1. Both projected lines were 
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supposed to have a natural-circulation type steam generator, integrated with the combustion chamber. The 
energy recovery section comprises several radiation channels with vertical flue gas flow and a convection 
section containing superheaters, evaporators and economizers. Both high pressure and middle pressure 
superheated steam mass flows, produced by the steam generators, were supposed to feed a condensation 
type Steam Turbine (ST). A controlled low pressure ST extraction is used to feed the Deaerator (DEA). 
Despite the original WTE project, L2 middle pressure line (dotted line in Fig. 1) has not been built. Thus, 
the investigated case can be generalized to WTE facilities currently working with a current trend of 
reduced waste capacity. As most of the plant components has been installed as expected in the original 
project, the power plant works in off-design conditions with reduced electric power output. Main 
thermodynamic results, reproducing design and off-design operation of WTE are listed in Table 1, 
obtained with the use of Thermoflex  [1], used to simulate energy systems performance based on a 
lumped parameter modeling approach. The software, used in power plant industry for complex energy 
system characterization and performance prediction, basically solves mass and energy balance equations 
in steady state conditions for each component (heat exchangers, expanders, compressors, pumps, etc.), 
providing flows, thermodynamic states, exchanged heat and power between the system components. 
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Figure 1: schematic of WTE power plant. 
Table 1: design and off-design WTE operation 
 L1+L2 
design 
L1 
off-design 
Total waste capacity [MWt] 106 78.5 
L1 pressure [bar] 
L1 steam temperature [°C] 
L2 pressure [bar] 
L2 temperature [°C] 
50 
380 
20 
360 
50 
380 
- 
- 
L1 s mass flow rate [kg/s] 24.05 24.05 
L2 mass flow rate [kg/s] 9.04 - 
ST bleed to feed DEA[bar] 3.54 3.54 
mass flow rate for DEA[kg/s] 3.81 3.20 
Condenser pressure [bar] 0.12 0.07 
Outlet steam quality [-] 0.88 0.86 
Power output [kW] 24864 19677 
Electric efficiency [-] 23.5 25.1 
 
Middle pressure repowering options and numerical results: Case A and Case B 
Repowering solutions with gas turbine (GT) have been sought in order to bring back the WTE design 
conditions and improve its performance. In this paper we focus in particular on two different middle 
pressure repowering options. Determine how to technically integrate GT exhaust heat into the existed 
WTE power plant is the first step in the design process [2, 3]. It is necessary to underline that, to repower 
existing plant, GT optimal size is not random but strictly connected to the bottomer cycle size. One major 
design challenge, when repowering an existing plant, is to match the steam production capability of the 
topper cycle and Heat Recovery Steam Generator (HRSG) with the steam needs of the existing steam 
turbine. Two different HRSG arrangements are proposed, shown in Figure 2, namely Case A and Case B. 
In Case A repowering option, Fig. 2 a), superheated steam at medium pressure is produced in a proper 
recovery boiler fed by the GT exhaust and it expands into the ST of the pre-existing plant in addition to 
the main steam flow. This solution involves a simple layout and few modifications to the existing 
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components. In Case B, Fig. 2 b), in addition to middle pressure superheated steam generation, the HRSG 
would generate also low pressure saturated steam necessary to feed DEA, thus excluding the original ST 
bleed. Case A option does not involve variations in the ST performance compared to design operation, 
since the original condition of middle pressure steam mass flow are maintained. Vice versa, Case B 
involves a slight change in the ST performance and efficiency: the elimination of ST bleed causes an 
increase in low pressure ST steam mass flow rate however compatible with ST normal operation. Both 
solutions do not involve any modification to the WTE boiler or to the energy recovery section.  
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Figure 2: schematic of WTE middle pressure repowering options: Case A (a) and Case B (b) 
 
With the aim to select the most appropriate GT commercial unit, for each repowering options, 
minimum GT exhaust thermal power (Qexh) has been calculated, in order to economize, vaporize and 
superheat the requested middle pressure mass flow rate (for Case A and Case B) and to vaporize the 
steam mass flow necessary to feed the DEA (only in Case B). Calculated minimum GT exhaust thermal 
power equals to 24.1 MWt and 32.5 MWt, for Case A and Case B, respectively. Numerical results of the 
repowering options with commercial GT units are shown in Table 2. A detailed description of 
performance indexes such as Waste Synergy Index, Natural Gas (NG) Synergy Index, Multi Fuel (MF) 
Synergy Index, and output allocation approaches, used to evaluate the performance of the integrated 
WTE-GT system can be found in [4,5]. All the investigated configurations provide a gain in power output 
in comparison with stand-alone WTE off-design operation. Best ST power increase, can be achieved with 
Case B. First Law Efficiency is in the range 32-36%, maximum occurs for GE LM2500+PK Case B. The 
NG relative Synergy Index is relevant (reaching values up to about 47% in the best case, GE 
LM2500+PK Case B), showing that if the benefit of integration is attributed to NG, efficiency can be 
comparable with typical values of one pressure level combined cycle. Also Waste relative Synergy Index 
values are positive and higher compared to original WTE efficiency (25%). Interesting differences can be 
observed considering output allocation results: in case of Approach #1 (two output contributions are 
directly proportional to the two input fuels, see [5]), the power associated to NG (P’NG)  is lower than the 
GT power in all considered repowering options. On the other side, in case of output allocation with 
Approach #2 (where the concept of heat valorization is accounted through the electric equivalent of heat), 
the power associated to NG (P’NG)  results higher than the GT power, this means that a fraction of ST 
power is due to the GT contribution trough Qexh. On the other side, the power due to waste (P’W ) is lower 
than the ST power in integrated configurations but higher that the WTE off-design reference plant power. 
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Table 2: Case A and Case B WTE middle pressure repowering results. 
 CASE A CASE B 
 KAWASAKI 
GPB180D 
GE 
LM2500PH 
GE 
LM2500+PK 
SIEMENS 
SGT - 600 
Power generated by Gas Turbine (PGT) [kW] 17493 19250 27851 21068 
Fuel inlet to Gas Turbine (FNG) [kWt] 52962 55028 73669 65762 
GT electric efficiency [-] 0.33 0.35 0.38 0.32 
Gas Turbine Outlet Temperature [°C] 544 526 502 520 
Exhausted gas mass flow rate  [kg/s] 58 62 84 77 
Steam Turbine power output [kW] 24846 24846 26208 26208 
ST power increase vs. WTE stand-alone on-design [kW] 0 0 1344 1344 
ST power increase vs. WTE stand-alone off-design [kW] 5169 5169 6531 6531 
WTE+GT Power output (PWTE+GT)  [kW] 42339 44096 54059 47276 
First law efficiency (PWTE+GT)/(FNG+FW) [-] 0.32 0.33 0.36 0.33 
HRSG recovery efficiency [–] 0.70 0.68 0.73 0.76 
Input fuel capacity ratio (FNG/FW) [-] 0.67 0.70 0.94 0.84 
Natural Gas Synergy Index (PWTE+GT – PWTE)/FNG [-] 0.43 0.44 0.47 0.42 
MF Synergy Index (PWTE+GT-PWTE-PGT)/(PWTE+PGT) [-] 0.14 0.13 0.14 0.16 
Waste Synergy Index (PWTE+GT – 0.41·FNG)/FW [-] 0.26 0.27 0.30 0.26 
Power output allocated to natural gas P’GT (Approach #1) [kW] 16948 18159 26521 15601 
Power output allocated to waste P’W (Approach #1) [kW] 25391 25937 27538 31675 
Power output allocated to natural gas P’GT (Approach #2) [kW] 22360 23513 32175 27186 
Power output allocated to waste P’W (Approach #2) [kW] 19979 20583 21884 20090 
Concluding remarks 
A numerical analysis on the achievable performance for an existing, under-utilized, WTE repowered 
with two different middle pressure options has been presented. Both repowering options with all the 
investigated GT units guarantee a power output increase compared to actual WTE stand-alone off-design 
operation. Instead, compared to design WTE stand alone, a ST increases can be achieved only with Case 
B repowering. First Law Efficiency also increases significantly, ranging between 32-36% (compared to 
25% of WTE actual operation and 23% of original, on design operation). The NG relative Synergy Index 
is relevant (reaching values up to about 47% in the best case, GE LM2500+PK Case B), showing that if 
the benefit of integration is attributed to NG the efficiency can be comparable with typical values of one 
pressure level combined cycle. Also Waste relative Synergy Index values are positive and higher 
compared to the original WTE efficiency (25%). 
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